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(57) ABSTRACT 

A connection (V) of an electrical aluminum cable (1) With a 
connection piece (4) of another metal, especially of copper 
or a copper alloy, is brought about by crimping the Wires (2) 
forming the aluminum cable (1) together in an end region 
and by Welding to the connection piece (4), especially by a 
friction Welding process. Moreover, the frictional heat 
betWeen the materials is used to melt the tWo materials and 
to join them With each other Without additional Welding 
material. The aluminum cable (1) is provided for this 
purpose With a support sleeve (13) crimped upon it, Which 
practically forms the individual Wires (2) at the connection 
point into a solid surface, Which is itself Welded to the 
connection piece Consequently, connection pieces of 
copper can be connected tightly and With good electrical 
conductance, Without the danger of corrosion existing in the 
area of the connection due to various electropositive and 
electronegative metals. 

13 Claims, 3 Drawing Sheets 



U.S. Patent Mar. 25,2003 Sheet 1 of3 US 6,538,203 B1 

75mm?! C 

31 
mm 1 

w 

2 

16/ 1>12 
/////////, 1 1 11 m 

//////// 11 11 1 ,[||1\||\ C 3 4| 



U.S. Patent Mar. 25,2003 Sheet 2 of3 US 6,538,203 B1 

/1/ //////// //////// 
l’fy 



U.S. Patent Mar. 25,2003 Sheet 3 of3 US 6,538,203 B1 

[1 

Fig. 5 



US 6,538,203 B1 
1 

CONNECTION OF AN ELECTRICAL 
ALUMINUM CABLE WITH A CONNECTION 

PIECE OF COPPER OR SIMILAR 
MATERIAL 

BACKGROUND OF THE INVENTION 

The invention relates to a connection of an electrical 
cable, especially one constructed of several aluminum Wires 
or ?exible leads and insulated aluminum cables, With a 
connection piece made of copper, copper alloy and/or brass 
or similar metal, for example With a battery clamp, a cable 
lug, a connection adapter, a plug element, a cable piece or 
the like, for the electrical system of a motor vehicle. The 
insulation of the aluminum cable ends before or at a distance 
from the contact point With the connection piece, and a 
support sleeve is provided, Which encloses at least a region 
adjacent to the end face of the stripped (bared) part of the 
aluminum cable and is crimped and/or shrunk on the end of 
the aluminum cable, so that the Wires of the aluminum cable 
are crimped together at least in the area of the end face. 

The invention further relates to a process for connecting 
an electrical aluminum cable With a connection piece made 
of copper, copper alloy and/or brass or similar metal, for 
example a battery clamp, cable lug, connection adapter, plug 
element, cable or the like, for the electrical system of a 
motor vehicle. Here, the end face of the aluminum cable is 
brought into connection and electrical contact With the end 
face of the connection piece, and for this purpose the 
aluminum cable is bared (stripped of insulation) on the 
connection end. Asupport sleeve is crimped or shrunk on the 
stripped place, and the Wires or ?exible leads of the alumi 
num cable are thereby crimped together. 
The idea is already knoWn of replacing current 

conducting leads of copper or copper alloys, especially 
energy leads, having a relatively large cross section in motor 
vehicles, With ones of aluminum, because aluminum even 
leads to a loWer Weight if the lead cross sections must be 
enlarged due to the someWhat lesser conductivity of alumi 
num in comparison With copper. 

In this connection, experiments Were conducted, and in 
US. Pat. No. 2,806,215, it Was proposed to join the parts to 
be connected, i.e., an aluminum cable and a corresponding 
connection piece, by means of ferrules and clamps so as to 
conduct electricity. There, the problem nonetheless exists 
that, on the surface of aluminum under the in?uence of air 
oxygen, a thin oxide layer arises, Whose thickness increases 
With time and Which does not conduct electricity. The 
electrically conducting connection of an aluminum cable 
With a connection piece of another metal therefore requires 
the elimination or the penetration of such an oxide layer, and 
the prevention of a reneWed formation of such an oxide 
layer. 

Furthermore, With the connection of an aluminum cable 
made of individual Wires or ?exible leads With a connection 
piece, there results the necessity, for diminishing electrical 
resistance, of undertaking a clamp connection With high 
compressive force. This leads to deformations at the crimp 
ing site of the cross sections of the individual aluminum 
Wires, so that these are Weakened from the outset at the 
juncture point and can break under the dynamic stress in a 
motor vehicle in the course of time. Especially high dynamic 
stresses arise here in the area of the driving motor, the 
dynamo and even the battery. 
On the other side, it is not possible to make the connection 

piece itself likeWise of aluminum, because in the area of 
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2 
batteries or accumulators acid vapors cannot be entirely 
ruled out, Which attack aluminum to a considerably greater 
extent than copper, copper alloys or brass, and because 
connections to units joined With a combustion motor, such as 
dynamos, are exposed to such a high dynamic stress that, in 
the course of time, the less stable aluminum material breaks 
or the connection juncture is destroyed. 
Aluminum is also subject to a greater danger of corrosion 

than copper, Which has a relatively good corrosion 
resistance, because aluminum is relatively electronegative. 
For this reason, aluminum has the tendency to convert to the 
more stable oxide form, from Which is Was created under the 
application of energy. 

If metals of varying base character are conductively 
connected With one another, there exists the danger of a 
contact corrosion. Here, due to their electropositive 
potential, copper materials are less degradable than 
aluminum, but can also exert a degrading action on this 
metal in a connection With it. Since aluminum is the more 
electronegative metal in comparison With copper, it can also 
occur in a contact connection With high currents and longer 
stress times, chie?y in a humid, salt-containing climate, that 
the more electronegative metal, i.e., the aluminum, acts as 
the “sacri?cial anode” and deteriorates. Thus, With time, a 
loss of material occurs on the contact surface, Which has a 
negative effect on the contact resistance and stability. 
Even With the use of an aluminum ferrule surrounding the 

stripped aluminum cable, and Welding it With a connection 
piece of copper, according to FIG. 8 of US. Pat. No. 
2,806,215, there exists the problem, Within the aluminum 
ferrule, betWeen the front ends of the aluminum Wire and the 
connection piece made of copper, that a seam or a space 
remains and, in the course of time, the previously mentioned 
contact corrosion arises. 

SUMMARY OF THE INVENTION 

For this reason, there exists the object of creating a 
connection of the type mentioned at the beginning, Which 
has a high degree of stability in relation to the dynamic 
stresses and a good conductivity, and Which, on the one 
hand, eliminates an oxide layer or corrosion on the alumi 
num in the area of the juncture by the connection operation 
itself and/or, on the other hand, prevents an oxide layer in 
this area of mutual contacting of the different metals. 

For accomplishing this objective, the initially mentioned 
connection of an electrical aluminum cable With a connec 
tion piece of another metal is Wherein the connection piece 
is Welded With the end face of the aluminum cable formed 
by the individual Wires. 

The connection is thus chie?y characteriZed by an addi 
tional support sleeve on the aluminum cable, Which suffi 
ciently stabiliZes the individual Wires or ?exible leads by 
crimping them together and draWs them closer to one 
another, in order to yield a metal surface on the end face of 
the cable, Which is then at the same time the connection 
point or the place of Welding With the connection piece. It is 
thereby possible to free this face of oxide, to the extent that 
it may have formed there, and then to butt Weld this face 
With the connection piece, so that in the future as Well no 
oxide can arise at this spot. As is Well knoWn, aluminum can 
be easily fused or Welded With copper and thus, in the 
connection of the invention, even form a mutual alloy. 
Experiments have shoWn that the resistance to Wear of such 
a connection can be higher than that of the aluminum cable 
and/or the connection piece themselves. 

Since the individual Wires of the aluminum cable them 
selves can be Welded With the connection piece, and thereby 
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also With themselves, there results a sub-metallic connection 
betWeen the aluminum cable and its individual Wires and the 
connection piece consisting of copper or a copper alloy, 
Which can extend over the entire end face cross-sectional 
area. This sub-metallic connection layer, according to 
experiments, can be about 2 mm thick, so that an air or 
moisture access to this connection site is ruled out. 

It is especially bene?cial if the support sleeve reaches 
beyond the transition betWeen the stripped region of the 
aluminum cable and the insulation, including a part of the 
insulation. The support sleeve thus expediently maintains a 
longer axial length than the stripped area of the aluminum 
cable, so that a good stiffening is attained in the area of the 
connection point up to under the insulation, Which leads to 
an even distribution of the compressive forces in the con 
nection area, Without subjecting the individual aluminum 
Wires too strongly to stress and to deformation. 
Consequently, such a connection point is also a match for 
shearing forces and dynamic stresses, as they can also occur 
in motor vehicles in reference to units connected With the 
motor. At the same time, a good sealing of the aluminum 
cable and the connection can be obtained. 

Here, it is expedient if the one end of the supporting 
sleeve is ?ush With the end face of the stripped region of the 
aluminum cable. The support sleeve thereby then enlarges 
the connection point radially and is itself also available for 
Welding With an appropriately proportioned connection 
piece or counterpart to the extent that the support sleeve 
crimping the end of the aluminum cable together is a metal 
sleeve, especially an aluminum sleeve. Above all, an alu 
minum sleeve has in this connection the advantage that it 
behaves, With reference to heat expansion, electrical con 
ductivity and Weldability, like the aluminum cable itself, and 
is thus to a certain extent an enhancement of the aluminum 
cable at the connection point. 

It is especially bene?cial if the aluminum cable and the 
shrunken on or crimped on support sleeve and the connec 
tion piece basically have a circular cross section, in particu 
lar of the same siZe. The Welding point can then extend over 
the entire cross section of the connection and thereby at the 
same time over the entire cross section of the connection 
piece, on the one hand, and the unit formed by the aluminum 
cable and support sleeve, on the other hand. Correspond 
ingly bene?cial resistance values for the electric current can 
be attained on this large-area connection. 

For the best possible distribution of compressive forces on 
the individual Wires or ?exible leads of the aluminum cable, 
it is bene?cial if the support sleeve for crimping or pre 
crimping the aluminum cable has in its interior at least tWo 
segments of different inside cross section or inside diameter. 
The segment With the larger inside diameter grips around the 
end of the insulation of the aluminum cable, and the segment 
of smaller inside diameter grips around the stripped area of 
the aluminum cable. Here, the difference betWeen the inside 
diameters of the support sleeve corresponds approximately 
to double the thickness of the insulation of the aluminum 
cable. 

With this con?guration of the support cable, it is thus 
possible to take into account the cross sectional difference 
betWeen the insulated and the non-insulated part of the 
aluminum cable, so that the support sleeve has a largely 
constant circumference before and even after the crimping 
on its exterior. The crimping means need not take into 
consideration any differences in cross section, although 
these are present in the interior of the support sleeve on the 
aluminum cable. Since the end of the crimping facing away 
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4 
from the connection point can be arranged in an insulated 
region of the aluminum cable, the individual Wires of the 
cable are protected against excessively strong mechanical 
deformations due to the crimping operation, and conse 
quently retain their stability. 

It Was already mentioned that the connection can be 
completed by butt Welding. Here it is especially bene?cial if 
the end of the aluminum cable provided With the support 
sleeve is joined With the connection piece by friction Weld 
ing. Friction Welding is knoWn per se. In many cases this is 
brought about by bringing one of the pieces into rotation 
before the connection, then moving it against the other part, 
Whereby frictional heat arises, Which is high enough for 
Welding the parts, so that they are connected ?rmly With 
each other after braking the rotation. Above all, in joining an 
aluminum cable With a connection piece, an oxide layer 
possibly arising at the connection point or end face of the 
aluminum cable can at the same time be automatically 
eliminated, because such a layer is penetrated and removed 
by the mechanical friction. Consequently, an electrical con 
nection of an aluminum cable With a connection piece by 
friction Welding is to be vieWed as especially advantageous 
and bene?cial, since relatively loW energies are necessary 
for this type of Welding, for example in comparison With an 
even conceivable ?ash butt Welding. 
The process, already mentioned at the beginning for 

accomplishing the objective, is Wherein the individual Wires 
or ?exible leads of the aluminum cable are butt Welded 
together With the support sleeve having the connection 
piece. Instead of applying expensive clamp connections, in 
Which a mechanical clamping and joining of the tWo parts to 
be connected is carried out and Which possibly must sub 
sequently once again be encapsulated With plastic, the tWo 
parts of different materials are thus Welded to each other. 
Here, the soft and ?exible end face of the aluminum cable 
is ?rst mechanically fastened by a support sleeve, in order to 
Withstand the stresses of Welding and to make this end face 
of the aluminum cable suitable for direct Welding With a 
connection piece. There results here a practically closed 
metal surface formed from the individual Wires or ?exible 
leads of the aluminum cable. 

In this connection, it is further expedient to proceed in that 
the support sleeve is arranged With one end ?ush to the end 
face of the aluminum cable. That is, one end of the support 
sleeve is relied upon and used to enlarge the end face of the 
aluminum cable and thereby of the connection point. At the 
same time, it is assured that on the face, the individual Wires 
or ?exible leads of the aluminum cable are also in fact 
arranged all crimped together and fastened With each other, 
on the one hand, and are nevertheless accessible for Welding. 
These Wires can furthermore be ?ush With one another and 
form a ?at face or cross section surface. 

An especially favorable method can consist in that the 
aluminum cable provided With the support sleeve is joined 
With the connection piece by friction Welding. In compari 
son With an electrically supported butt Welding process, it is 
advantageous that substantially less energy is required for 
this. Nevertheless, the friction Welding process permits a 
Welding of the materials, namely aluminum on the one hand 
and copper or a copper alloy or similar metal on the other 
hand, With the formation of intermetallic phases. That is, the 
oxide layer on the aluminum is destroyed, and the possibility 
of corrosion at the connection point is eliminated. Since the 
aluminum cable is crimped With the support sleeve before or 
at the latest simultaneously With the Welding process, there 
arises a type of solid cylinder on Whose end face or head 
surface the Welding can take place. The crimping of the 
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individual Wires of the aluminum cable thus need only be 
good enough to Withstand the stresses of the Welding pro 
cess. At the same time, such a friction Welding process goes 
along With a slight loss of metal at the joining and Welding 
point, Which stands out in the form of a bulge around the 
seam, Which at the same time enlarges the connection point 
and thereby strengthens the connection itself. 

It is especially bene?cial if the connection piece to be 
connected or butt Welded With the aluminum cable is rotated 
and crimped While rotating against the end face of the 
aluminum cable, and is thereby fused or Welded by the 
frictional heat arising after braking the rotation. Indeed, the 
friction and the frictional heat can also be brought about by 
other reciprocal relative movements. HoWever, rotation has 
the great advantage that the parts to be connected can 
already occupy their ?nal position in the transverse 
direction, and almost any desired number of rotations can be 
generated on the rotating part, in order to obtain enough 
frictional heat for the Welding. At the same time, an oxide 
layer thus possibly situated on the aluminum side can be 
especially effectively penetrated and eliminated. 

The Wires or ?exible leads of the aluminum cable can be 
crimped together before and/or during the Welding process 
at least in the area of the end face connection point, Which 
can be especially simply carried out With the above 
mentioned support sleeve. Here, the support sleeve can be 
crimped ?at on its exterior, especially into a polyhedron, for 
example into a hexagon. There thereby results, in addition, 
With the later assembly the possibility for a tool engagement, 
for example for engagement by a monkey Wrench. 
Moreover, such a polyhedral shape on the exterior of the 
support sleeve can be advantageous in connection With the 
transfer and assembly of the cable With its connection piece. 

The connection piece can either be a cylinder of copper or 
a copper alloy, for example brass, Which for its part is 
connected With a corresponding connector or a cable clamp 
or a battery clamp or the like, or is already connected With 
it at the outset in one piece. Such a cylinder can be especially 
Well set into rotation and be connected by friction Welding 
With the appropriately prepared aluminum cable. 

It is, hoWever, also possible for a cable piece having Wires 
made of copper, a copper alloy and/or brass, serving as a 
connection piece, to be crimped on its exterior With a 
support sleeve, especially of copper, copper alloy or brass or 
similar metal and butt Welded With the face of the aluminum 
cable. Situations are namely conceivable Where indeed 
cables essentially made of aluminum are used Which, 
hoWever, must nonetheless still be joined With a piece of a 
copper cable, particularly if high dynamic stresses can arise 
in the area of the connection point, or in the further course 
of such an electrical lead a material pairing requires copper 
or a copper alloy. In such a case, the connection piece to be 
connected With the aluminum cable can for its part be a cable 
piece made of copper Wires or the like, Which likeWise is 
stabiliZed by means of a support sleeve. A friction Welding 
process is thus made possible in particular by rotation, 
preferably of the copper element, Whereby then the cable 
itself and the support sleeves are joined With each other and 
Welded. 

A device for implementing the process for connecting an 
aluminum cable With a connection piece of another metal 
can above all consist in that an openable jig is provided for 
the aluminum cable provided With the support sleeve, and a 
separable mounting arranged in alignment thereWith is pro 
vided for the connection piece. The mounting has a rotary 
drive or is couplable With one, and the jug and the mounting 
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6 
are movable or displaceable relative to each other in the 
direction of longitudinal extension of the aluminum cable or 
of the connection piece aligned With it at least upon mutual 
contact. Here it is especially bene?cial if the rotating mount 
ing is displaceable. This displaceability then includes the 
necessary compressive force on the connection point, Which 
is exerted during Welding. Moreover, the openable jig for the 
end of the aluminum cable can at the same time be relied on 
for crimping the support sleeve provided there. 

Chie?y in the combination of single or several of the 
above-described features and measures, there results a con 
nection of an aluminum cable serving for electrical 
transmission, in Which it is not possible or necessary to Weld 
directly on the individual Wires or ?exible leads, but instead 
a support sleeve is provided made expediently of aluminum, 
thus the same material, Whereby the Wires and ?exible leads 
can be pre-sealed. Consequently, a type of solid cylinder is 
formed, Which simultaneously also serves as a seal over the 
insulation, because it can extend up to over this insulation. 
This seal has passed a Water tightness test With a meter Water 
column. The connection point itself has a high electrical 
conductivity, because an oxide layer possibly previously 
present on the aluminum side, and under certain circum 
stances even present on the copper side, can be eliminated 
With a relative reciprocal rotation, so that the tWo different 
metals reach an intermetallic phase and are fused and 
Welded to each other. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The foregoing summary, as Well as the folloWing detailed 
description of the invention, Will be better understood When 
read in conjunction With the appended draWings. For the 
purpose of illustrating the invention, there are shoWn in the 
draWings embodiment(s) Which are presently preferred. It 
should be understood, hoWever, that the invention is not 
limited to the precise arrangements and instrumentalities 
shoWn. In the draWings depicted in partially schematic 
representation: 

FIG. 1 is a longitudinal top vieW of the end of a stripped 
aluminum cable, a support sleeve mountable and crimpable 
over it, and a battery clamp made of another metal, Which 
are to be connected electrically conducting With one another; 

FIG. 2 is a longitudinal vieW of the electrical connection 
of the aluminum cable, the support sleeve and the battery 
clamp in accordance With FIG. 1, With a friction Welding 
seam at the connection point; 

FIG. 3 is a representation corresponding to FIG. 1, in 
Which a cable shoe is provided for electrically conducting 
connection and Welding With an aluminum cable; 

FIG. 4 is a representation corresponding to FIG. 2 of the 
connection of the cable shoe With the aluminum cable 
provided With a support sleeve; 

FIG. 5 is a longitudinal vieW of an aluminum cable, a 
support sleeve and a connection adapter or connector pin of 
nonferrous metal before their mutual connection; 

FIG. 6 is assembled vieW of the elements of FIG. 5 With 
a connection of the connection adapter to the aluminum 
cable by friction Welding; 

FIG. 7 is a longitudinal vieW of the stripped end of an 
aluminum cable With an associated support sleeve, and the 
stripped end of a copper cable With the support sleeve 
associated With and adapted; and 

FIG. 8 is a longitudinal vieW of the connection of the 
aluminum cable provided With the support sleeve to the 
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copper cable piece provided With the support sleeve by but 
or friction Welding. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the following described embodiments of connections of 
an electrical aluminum cable 1, Which consists of individual 
aluminum Wires 2 and an insulation 3, to a connection piece 
4, corresponding parts receive the same reference numbers 
in each case. 

In FIGS. 2, 4, 6 and 8, a connection is provided of the 
electrical aluminum cable 1, in each case designated as a 
Whole With V, Which is made of individual aluminum Wires 
2 or optionally of ?exible leads, and Which is provided With 
insulation 3, to a connection piece 4 made of copper, a 
copper alloy and/or brass or similar metal. Moreover, FIG. 
2 shoWs a connection V of the aluminum cable 1 With a 
battery clamp 5; FIG. 4 shoWs a this type of connection With 
a cable shoe 6; FIG. 5 shoWs a connection With a connection 
adapter 7, Which can also be a plug part With connector pins 
8; and FIG. 8 shoWs the connection V of an electrical cable 
1 With a cable piece 9 made of copper, a copper alloy or 
similar metal, Wherein individual Wires 10 and an insulation 
11 are likeWise provided. 
Above all, one moreover clearly recogniZes in FIGS. 1, 3, 

5 and 7 that the insulation 3 of the aluminum cable 1 ends 
before the eventual contact points (in these ?gures, not yet 
acted upon), thus ends or is spaced from the end face 12. The 
aluminum cable 1 is thus stripped on the end to be 
connected, and a support sleeve 13 is provided, Which in 
accordance With the already mentioned FIGS. 2, 4, 6 and 8 
externally surrounds the area adjacent the end face 12 of the 
stripped part of the aluminum cable 1 in the operating 
position. 

The support sleeve 13 can thus ?rst be applied and 
crimped or shrunk on externally in the longitudinal exten 
sion direction to the end of the stripped aluminum cable to 
be connected, so that the Wires 2 of the aluminum cable 1 are 
crimped together at least in the region of the end face 12, so 
that in practice a solid cylinder arises. With the ?nished 
connection V, the connection piece 4, Which in accordance 
With the individual embodiments can be con?gured in 
different manners, is Welded to the end face 12 and also to 
the support sleeve 13. One recogniZes in FIGS. 2, 4, 6 and 
8, in schematic representation, a bulge-shaped annular Weld 
ing seam 14. Moreover, in these ?gures the contact point V 
is further marked by a cross stroke indicating the diameter 
plane of connection V, although With the Weld, no separation 
point or seam remains, but instead the tWo metals of the parts 
joined on the basis of a fusing taking place through Welding 
heat are connected seamlessly. 

One recogniZes in all embodiments that, after ?nishing 
the connection V, the support sleeve 13 reaches beyond the 
transition betWeen the stripped area of the aluminum cable 
1 and the insulation 3, enclosing a part of the insulation 3. 
The support sleeve thus serves not only to press the Wires 2 
together and to form the solid cylinder already mentioned 
(Which favors Welding on the end face 12 and thereby thus 
Welds together the individual Wires 10 or ?exible leads of the 
aluminum cable 1 With the connection piece made of copper 
or a copper alloy or brass), but at the same serves as a seal 
over the insulation 3. Since the support sleeve 13 is crimped 
or shrunk on the aluminum cable, and thereby also on the 
end of its insulation, the end of the insulation 3 is also 
connected correspondingly ?rmly With the Wires 3 of the 
aluminum cable 1, so that a high degree of Water tightness 
is attained. 
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8 
Here, one clearly recogniZes in all embodiments that the 

one end 13a of the support sleeve 13 is ?ush With the end 
face 12 of the stripped area of the aluminum cable 1 and With 
the Wires, so that thus the already mentioned solid cylinder 
on the end face 12 of the aluminum cable 1 is practically 
enlarged by the thickness of the support sleeve 13 present 
there, and represents a correspondingly enlarged surface for 
connection With the connection piece 4. 
At the same time, the aluminum cable 1 and the shrunken 

on or crimped on support sleeve 13 on the one hand, and the 
connection piece 4 on the other hand, have an essentially 
circular cross section of identical siZe in the respective 
embodiment, as one recogniZes in the initial position of the 
parts before their mutual connection, as Well as after ?nish 
ing the respective connection V. 

Since the support sleeve 13 crimping the end of the 
aluminum cable 1 together is a metal sleeve and particularly 
an aluminum sleeve, optionally instead a copper or brass 
sleeve, it participates in the Welding process and in the 
formation of the Welding seam 14, and thereby improves at 
the same time the mutual connection of the parts, because 
consequently not only the level, ?at end face 12 is joined 
With the connection piece 4, but also the end 13a of the 
support sleeve 13, Which on the other hand reaches up over 
the insulation 3 and distributes any possibly occurring 
dynamic traction or shearing forces. 
The support sleeve 13 has in its interior tWo segments of 

different internal cross section or internal diameter. Segment 
13b With the larger internal diameter here grips around the 
end of the insulation 3 of the aluminum cable 1, and segment 
13c of smaller internal diameter grips around the stripped 
region of the aluminum cable 1. The difference betWeen the 
internal diameters of these tWo segments 13b and 13c of 
support sleeve 13 here corresponds to double the thickness 
of the insulation 3 of the aluminum cable 1. That is, the 
difference betWeen the internal radii of the tWo segments 13b 
and 13c of support sleeve 13 corresponds approximately to 
the thickness of the insulation 3, so that despite the stepping 
betWeen the insulated and the stripped region of the alumi 
num cable 1, the exterior of the support sleeve 13 can run 
substantially smoothly and Without interruption or change in 
diameter. 

In order to produce the connection V, the aluminum cable 
1 is ?rst stripped on the connection end, Wherein either the 
insulation 3 is removed for a speci?ed length or is omitted 
from the outset. The support sleeve 13 is installed on the 
stripped spot. Thereafter, the support sleeve 13 is crimped or 
shrunk, Whereby the Wires 2 or ?exible leads of the alumi 
num cable 1 are pressed together, so that on the end face 12, 
despite the formation of these individual Wires 2, practically 
a solid cross section results, Which is available for Welding 
With the connection piece 4. After this, the aluminum cable 
1 is butt Welded together With the support sleeve 13 to the 
connection piece 4, Which in accordance With the individual 
embodiments can be con?gured in different Ways. Due to the 
Welding heat and a mutual compressive force in the longi 
tudinal direction of the parts to be joined, a bulge-like 
Welding seam 14 arises here. 

Moreover, in the initial position and even after production 
of the connection V, the support sleeve 13 With one end 13a 
is ?ush With the end face of the aluminum cable 1. This 
permits the aluminum cable 1 provided With the support 
sleeve 13 to be joined With the connection piece 4 by friction 
Welding. 

The connection piece 4 to be connected and butt Welded 
With the aluminum cable 1 is here set in rotation in a manner 
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not represented here in greater detail, and rotating With a 
high number of rotations, for example 1500 rpm, is pushed 
against the end face 12 of the aluminum cable 1 and the end 
13a of the just previously crimped on support sleeve 13, and 
fused and Welded by the frictional heat arising thereby after 
braking and stopping the rotation. In the area of the con 
nection V the metals of the joined parts are also thereby 
alloyed With one another. The Wires 2 or ?exible leads of the 
aluminum cable 1 are thus pressed together before and 
during the Welding operation, at least in the area of the end 
face connection point V, in order to form the above 
mentioned solid cross section With a level, ?at end face 12. 

The support sleeve 13 is crimped ?at on the exterior, in 
particular into a polyhedron, for example a hexagon, so that 
a largely uniform pressing together of the Wires 2 takes place 
in the region of the connection V, and the support sleeve 13 
can later be easily engaged from the outside With tools 
during assembly. 

In accordance With FIGS. 1 and 2, a battery clamp 5 With 
terminal studs 5a can be connected With the aluminum cable 
1 as a connection piece 4. FIGS. 3 and 4 shoW the connection 
of an aluminum cable 2 With a connection piece 4, Which is 
constructed as a cable shoe 6 With a bolt-like connection 
piece 6a. In FIGS. 5 and 6 the connection of the aluminum 
cable 1 With a connection adapter 7 for material locking 
electrical connections, for example by contact pins 8, is 
represented, Whereby the connection adapter 7 itself has the 
corresponding cross-sectional shape and surface for butt 
Welding With the aluminum cable 1. 

Finally, FIGS. 7 and 8 shoW the possibility of joining an 
aluminum cable 1 With a cable piece 9, especially of copper 
or a copper alloy, as a connection piece 4. This cable piece 
9, serving as a connection piece 4 made of Wires of copper 
or a copper alloy, is crimped on its exterior likeWise With a 
support sleeve 13, especially made of copper, a copper alloy 
or brass, or even aluminum, in any case of metal, and butt 
Welded With the end face 12 of the aluminum cable 1. Here, 
this support sleeve 13 of copper or the like is also arranged 
?ush at the end With the cable piece 9, so that the connection 
V takes place on the respective Wires 2 and 10 as Well as on 
the support sleeve 13, thus over a correspondingly enlarged 
cross section With corresponding stability. 
A device for implementing a process of this type is not 

represented in greater detail and expediently includes an 
openable jig for the aluminum cable 1 provided With the 
support sleeve 13 and a separable and rotation-drivable 
mounting arranged in alignment thereWith for the connec 
tion piece 4. The jig and the mounting are then movable or 
displaceable relative to each other in the longitudinal direc 
tion of the aluminum cable 1 and of the connection piece 
aligned With it at least by mutual contact, so that the rotating 
part is pressed against the part standing still. In this Way, the 
frictional heat necessary for the friction Welding operation 
can be generated. Moreover, the rotating mounting is expe 
diently displaceable, since it accommodates the overall 
shorter or smaller connection piece 4. After braking the 
rotation drive, the mutual melting and Welding takes place 
under the frictional heat arising practically over the entire 
cross section, Which thus not only yields a ?rm but also a 
sealed connection V. 

By crimping With the support sleeve 13, Which also 
reaches over the insulation 3 of the aluminum cable 1, the 
aluminum Wires 2 are protected and spared, and in spite of 
this crimping are not so strongly deformed that they can no 
longer Withstand the later dynamic stresses. By Welding— 
even of the individual Wires 10 or ?exible leads of the 

10 

15 

35 

45 

55 

65 

10 
aluminum cable 1 With one another and With the connection 
piece—the different metals are alloyed With one another in 
the area of the connection V, i.e., in the contact area. This 
yields a high resistance to breakage and Wear With a very 
good electrically conducting connection at the same time. 
Even high dynamic stresses can be accommodated, so that 
this connection is especially Well suited for battery leads in 
motor vehicles, so that in the area of the battery, Where acid 
vapors can arise, copper or brass, Which are capable of 
resisting such vapors, can be used, While the further current 
conducting lead can be made of the lighter aluminum. 

It Will be appreciated by those skilled in the art that 
changes could be made to the embodiment(s) described 
above Without departing from the broad inventive concept 
thereof. It is understood, therefore, that this invention is not 
limited to the particular embodiment(s) disclosed, but it is 
intended to cover modi?cations Within the spirit and scope 
of the present invention as de?ned by the appended claims. 
We claim: 
1. A connection (V) of an electrical insulated aluminum 

cable (1) to a connection piece (4), comprising the connec 
tion piece (4) being made of a metal selected from the group 
consisting of copper, a copper alloy, brass, and similar 
metals, the aluminum cable (1) being made of a plurality of 
individual aluminum Wires (2) or ?exible leads having a 
bare region adjacent to one end face (12) of the cable (1) and 
having insulation (3) Which terminates at a distance from a 
contact point of the cable With the connection piece (4), and 
a metal support sleeve (13) comprising aluminum Which 
embraces at least the bare region of the aluminum cable (1) 
and reaches beyond a transition betWeen the base region of 
the aluminum cable (1) and the insulation (3) so as to 
surround a part of the insulation (3), the support sleeve (13) 
being crimped and/or shrunk on the one end of the aluminum 
cable (1) so that the Wires (2) or ?exible leads of the 
aluminum cable (1) are crimped together at least adjacent to 
the one end face (12), Wherein the connection piece (4) is 
connected by a direct intermetallic Weld With the end face 
(12) formed by the individual Wires (2) or ?exible leads of 
the aluminum cable 

2. The connection according to claim 1, Wherein an end 
(13a) of the support sleeve (13) is ?ush With the end face 
(12) of the bare region of the aluminum cable. 

3. The connection according to claim 1, Wherein the 
aluminum cable (1) With the shrunk on or crimped on 
support sleeve (13) and the connection piece (4) have 
substantially circular cross sections With substantially the 
same siZe. 

4. The connection according to claim 1, Wherein the 
support sleeve (13) has in its interior at least tWo segments 
of different internal cross section or internal diameter, a ?rst 
segment (13b) having a larger internal diameter gripping 
around an end of the insulation (3) and a second segment 
(13c) having a smaller internal diameter gripping around the 
bare region of the aluminum cable 

5. The connection according to claim 4, Wherein the 
difference betWeen the internal diameters of the segments 
(13b, 13c) of the support sleeve (13) correspond approxi 
mately to double a thickness of the insulation 

6. The connection according to claim 1, Wherein the end 
of the aluminum cable (1) provided With the support sleeve 
(13) is friction joined With the connection piece (4) by 
friction Welding. 

7. The connection according to claim 1, Wherein the 
connection piece is selected from the group consisting of a 
battery clamp (5), a cable shoe (6), a connection adapter (7), 
a plug element (8), a cable (9) and similar connections for 
an electrical system of a motor vehicle. 
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8. A process for connecting an electrical aluminum cable 
(1) With a connection piece (4) made of a metal selected 
from the group consisting of copper, a copper alloy, brass, 
and similar metals, Wherein an end face (12) of the alumi 
num cable (1) is brought into connection and electrical 
contact (V) With a face of the connection piece (4), com 
prising stripping the aluminum cable (1) of insulation on a 
connection end, applying an aluminum supporting sleeve 
(13) by crimping or shrinking onto the stripped connection 
end, such that individual Wires (2) or ?exible leads of the 
aluminum cable (1) are pressed together, and butt Welding 
the individual Wires (2) or ?exible leads of the aluminum 
cable (1) together With the support sleeve (13) to connection 
piece (4), Wherein the individual Wires (2) or ?exible leads 
of the aluminum cable (1) are crimped together before or 
during the Welding at least in an area of the end face contact 
(V), Wherein the aluminum support sleeve reaches beyond a 
transition betWeen the base region of the aluminum cable (1) 
and the insulation (3) so as to surround a part of the 
insulation 
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9. The process according to claim 8, Wherein the support 

sleeve (13) is arranged With one end (13a) ?ush on the end 
face (12) of the aluminum cable 

10. The process according to claim 9, Wherein the con 
nection piece (4) is rotated and While rotating is pressed 
against the end face (12) of the aluminum cable (1) and 
fused or Welded by the heat arising thereby after braking the 
rotation. 

11. The process according to claim 8, Wherein the alumi 
num cable (1) provided With the support sleeve (13) is 
connected With the connection piece (4) by friction Welding. 

12. The process according to claim 8, Wherein the support 
sleeve (13) is crimped ?at on the exterior into a polyhedral 
shape. 

13. The process according to claim 8, Wherein the con 
nection piece comprises a cable piece (9) made of Wires 
selected from the group consisting of copper, copper alloy 
and/or brass, and Wherein the connection piece is crimped on 
its exterior With a support sleeve (13) and butt Welded With 
the end face (12) of the aluminum cable. 

* * * * * 


